Identification and quantification of the main fatty acids in phytoplankton, zooplankton and Engraulis encrasicolus larvae were used to study the relationship among the different trophic levels. Three northwestern Mediterranean sea areas were studied as representative of potentially heterogeneous environments. HPLC pigment analysis was performed to assess the contribution of different phytoplankton groups to total chlorophyll biomass. In spite of the physical variability, a homogeneous pattern in phytoplankton composition among areas was found, with the Prymnesiophyceae representing more than half of the phytoplankton chlorophyll biomass. This homogeneous spatial pattern was also reflected in the phytoplankton fatty acid proportions. Thus, significant amount of 14:0, 18:1(n-9) and 18:4(n-3) could be related to the dominance of the prymnesiophytes; the low proportion of fatty acid markers of diatoms and dinoflagellates agreed with the low abundances of those phytoplankton groups. Zooplankton fatty acids also showed homogeneous proportions in the studied areas, with a preferential accumulation of 16:1(n-7) and 20:5(n-3), and 22:6(n-3). This observation may indicate a preferential grazing on diatoms and dinoflagellates. Anchovy larvae displayed differing fatty acids contributions related to size. Large larvae contained a higher proportion of polyunsaturated fatty acid (PUFA). Small larvae showed a high percentage of 18:1(n-9) and 18:4(n-3) fatty acids, considered Prymnesiophyceae biomarkers. These results suggest an additional food resource for the anchovy that is complementary to a zooplankton diet, but probably of protozoan origin (i.e. microzooplankton). Significant logarithmic relationships were found between dry mass and 20:5(n-3) and 22:6(n-3) fatty acid proportions in E. encrasicolus larvae. These PUFA are considered essential for the fish-larvae development.
Identification and quantification of the main fatty acids in phytoplankton, zooplankton and Engraulis encrasicolus larvae were used to study the relationship among the different trophic levels. Three northwestern Mediterranean sea areas were studied as representative of potentially heterogeneous environments. HPLC pigment analysis was performed to assess the contribution of different phytoplankton groups to total chlorophyll biomass. In spite of the physical variability, a homogeneous pattern in phytoplankton composition among areas was found, with the Prymnesiophyceae representing more than half of the phytoplankton chlorophyll biomass. This homogeneous spatial pattern was also reflected in the phytoplankton fatty acid proportions. Thus, significant amount of 14:0, 18:1(n-9) and 18:4(n-3) could be related to the dominance of the prymnesiophytes; the low proportion of fatty acid markers of diatoms and dinoflagellates agreed with the low abundances of those phytoplankton groups. Zooplankton fatty acids also showed homogeneous proportions in the studied areas, with a preferential accumulation of 16:1(n-7) and 20:5(n-3), and 22:6(n-3). This observation may indicate a preferential grazing on diatoms and dinoflagellates. Anchovy larvae displayed differing fatty acids contributions related to size. Large larvae contained a higher proportion of polyunsaturated fatty acid (PUFA). Small larvae showed a high percentage of 18:1(n-9) and 18:4(n-3) fatty acids, considered Prymnesiophyceae biomarkers. These results suggest an additional food resource for the anchovy that is complementary to a zooplankton diet, but probably of protozoan origin (i.e. microzooplankton). Significant logarithmic relationships were found between dry mass and 20:5(n-3) and 22:6(n-3) fatty acid proportions in E. encrasicolus larvae. These PUFA are considered essential for the fish-larvae development.
I N T R O D U C T I O N
The anchovy, Engraulis encrasicolus, is one of the most common pelagic fish inhabiting the Catalan Sea (NW Mediterranean). The spawning peak of the species takes place in June (Palomera, 1992) . During this period, high concentrations of anchovy larvae are found at the edge of the continental shelf in association with the shelf-slope front present in the region (Palomera, 1992) . The northern area of the Catalan coast (Cape Creus) has been identified as a main spawning area for anchovy (García and Palomera, 1996) , probably because high biological production in this area is favoured by the input of nutrientrich waters from The Rhône River (Cruzado and Velásquez, 1990) . In addition to a decreasing larval abundance to the south (Sabatés et al., 2001) , anchovy larvae collected in the northern waters have been found to be in better physiological condition than those collected further south along the Catalan coast (García et al., 1998) .
Field studies provide evidence for a link between availability of type and size of prey and fish larvae feeding success (Sabatés and Saiz, 2000) . Type and size of prey are characteristic of the trophic webs, which depends on type of phytoplankton population (Legendre and Rassoulzadegan, 1996) . The classical trophic web involving anchovy larvae seems quite well defined. Thus, studies of stomach contents has shown that E. encrasicolus larvae feed on nauplii and copepodite stages of copepods (Conway et al., 1998; Tudela et al., 2002) , which feed mostly on phytoplankton. On the other hand, recent data have shown that on occasions the spatial distribution of Japanese anchovy larvae is better correlated with heterotrophic ciliates than with copepod nauplii and eggs (Zhang et al., 2002) , suggesting an alternative or complementary food chain for larval anchovy.
Fatty acids are particularly useful biomarkers for identification of trophic interactions (Sargent et al., 1988) . This approach has been used to investigate the trophic relationship from phytoplankton to fish larvae and juveniles in different geographical areas (Klungsøyr et al., 1989; St. John and Lund, 1996; Pedersen et al., 1999) . In the present study, fatty acids were chosen for the following reasons: (1) the abundance and proportions of specific fatty acids change among functional/taxonomic groups of the lower trophic levels; (2) part of the prey fatty acids are directly transferred to the predator fatty acids (see Dalsgaard et al., 2003 for a review); and (3) provide more information of these trophic markers in the Mediterranean sea, where very few works have been developed (Claustre et al., 1988; Mayzaud et al., 1999) .
In addition to their characteristics as trophic markers, fatty acids might indicate larval fitness. The year class strength of fish populations in numerous fish stocks is determined in the first year of life (Bradford and Cabana, 1997) . The availability of large amounts of some polyunsaturated fatty acids (PUFA) is considered essential for larval development and fitness (Bell and Sargent, 1996; Sargent et al., 1997) . High levels of essential fatty acids influence behaviour as well as development of the brain and nervous system in larval stages (Ishizaki et al., 2001) . Therefore, the accumulation of essential fatty acids in the early developmental stages of fishes is potentially a key factor in fish recruitment fluctuations (Bell and Sargent, 1996) .
The aims of this study are: (1) identify and quantify the main fatty acid groups (trophic markers) in phytoplankton, zooplankton and E. encrasicolus larvae in order to study the relationship among different trophic levels of the food chain in which anchovy larvae are involved; (2) detect possible missing trophic steps not evident from gut contents analysis of anchovy larvae and; (3) corroborate from the field the general assumption found in laboratory observations that fish larvae accumulate certain PUFA considered important for fish development.
M E T H O D S Study area
The Catalan coast lies in the northwestern region of the Western Mediterranean Sea, south of the Gulf of Lions (Fig. 1) . Three different areas were identified as representative of different environments in the region: Cape Creus area (hereafter northern shelf ), the central shelf area off Barcelona (hereafter central shelf) and the frontal area (hereafter front). The northern shelf is characterized by a relatively wide continental shelf and is influenced by the input of nutrient-rich waters from The Rhône River, the largest river in the Western Mediterranean basin, which empties into the Gulf of Lions. The central shelf has a narrower continental shelf. A permanent shelf/slope front defined by salinity differences is present along the whole shelf edge (Font et al., 1988) , and is an area of enhanced production (Estrada and Margalef, 1988) . During the study period, coinciding with the stratified season, phytoplankton populations are concentrated beneath the thermocline, producing what is known as the deep chlorophyll maximum (Estrada, 1985) .
Sampling
The present study was carried out along the Catalan coast (NW Mediterranean) in June 2000, during the 'ARO'cruise (Sabatés et al., 2004 beyond the shelf-slope front, from northern shelf to central shelf (Fig. 1) . The stations representative of the three zones selected for the study of the trophic tracers (fatty acids) were: stations 26 and 38 (northern shelf), stations 64 and 66 (central shelf) and stations 55, 60 and 68 (front) (Fig. 1) .
At each station, samples of phytoplankton (which includes a component of detritus), zooplankton and anchovy larvae were taken for the determination of fatty acids as described below. For pigment analysis of phytoplankton, 2 L of water collected by Niskin bottles was filtered with low (0.25 bar) positive pressure through Whatman GF/F glass fibre filters that were immediately frozen in liquid N 2 . Pigment samples (HPLC, see below) were taken between 4 and 30 m depth (surface samples).
For fatty acid analysis of phytoplankton, water samples (5 L) were filtered through Whatman GF/F precombusted glass fibre filters and immediately frozen in liquid N 2 . Samples were collected at surface (4-8 m) and at the deep Chl a maximum (40-50 m). We consider that the biomass of this fraction is dominated by phytoplankton with an undetermined contribution of detritus. The contribution of zooplankton in this fraction is mostly protozooplankton, which in coastal areas is about 10% of the 'phytoplankton' biomass (Gasol et al., 1997) .
Zooplankton (>53 mm) was sampled by vertical hauls from 70 m (below deep chlorophyll maximum) to the surface with 40 cm diameter plankton net, fitted with 53 mm mesh. Macrozooplankton was removed by filtering the sample through 100 mm mesh discs. This range (53-100) mm is the most suitable size for fish larvae feeding and is dominated by nauplii and copepodites stages of copepods (Sabatés and Saiz, 2000) , the main prey of anchovy larvae (Conway et al., 1998; Tudela et al., 2002) . At each station, a 250-mL zooplankton subsample from the total was filtered through precombusted Whatman GF/C glass fibre filters (1.2 mm diameter) and immediately frozen in liquid N 2 .
Anchovy larvae were sampled by oblique tows using a Bongo net with a 60 cm diameter opening and a mesh size of 333 mm. The tows were performed from a maximum depth of 200 m to the surface at a vessel speed of 2 knots. Upon capture, anchovy larvae were separated on board and immediately frozen in liquid N 2 within 15 min after completion of the tow. Samples were later transferred to a freezer at -808C until lipid analyses were performed. Before analysis, standard larval length was measured to the nearest 0.01 mm with an ocular micrometer under a dissecting microscope. To prevent interference with the analyses by prey items in the gut (Lochman et al., 1996) , the digestive tract of each individual was dissected using fine needles, and the prey content was removed from inside the gut. The larvae and juveniles were then lyophilized at -1008C and 100 mbar for 12 h. Individual dry weights (DW) were recorded to the nearest 0.1 mg in a microelectrobalance ATI-Cahn C-35.
Pigments and phytoplankton groups
Particulate organic matter (phytoplankton proportion) pigments were extracted in 90% acetone. The filters were stored overnight at 48C. Filters were grinded by placing the filter with 1 mm diameter glass beads in a polypropylene tube and shaken in an ice-cooled Vibrogen IV cell mill (Edmund-Bühler) for 10 min. The extract was centrifuged at 48C and the supernatant transferred to an Eppendorf vial. The 150 mL of a mixture of 500 mL of clear extract plus 100 mL of pure H 2 O were injected into the chromatographic system. Pigment HPLC analysis was performed following the protocol described by Latasa et al. (Latasa et al., 2001) . The output matrix of pigment to Chl a ratios generated by the software CHEMTAX (Mackey et al., 1996, Table I ) was used to estimate the contribution of the green algae, Dinophyceae, Prymensiophyceae, Pelagophyceae, and Cyanobacteria and diatoms to the total Chl a pool. Microscope observations confirmed the major trends described by the pigment information (Latasa et al., 2005) .
Lipid extraction and fractionation
The glass fibre filters (GF/F and GF/C) (phytoplankton and zooplankton samples) were sonicated (3 Â 10 min), and the anchovy larvae gently ground in a 5 mL glass homogenizer and sonicated (3 Â 10 min) with 10 mL of 2:1 dichloromethane-methanol (lipid extraction). At each step the solvent was separated by centrifugation (20 min at 1800 rpm). The combined extracts were evaporated under vacuum to 0.5 mL and hydrolyzed overnight with 10-15 mL of 6% KOH/MeOH. The corresponding neutral and acidic fractions were successively recovered with n-hexane (3 Â 5 mL), the latter after acidification (pH 2) with aqueous 6M HCl. The acidic fractions, previously reduced to 0.5 mL, were esterified overnight with 10 mL of 10% (v/v) BF3/MeOH. The boron trifluoride-methanol complex was destroyed with 10 mL of water and fatty acids were recovered as their methyl esters by extraction with 3 Â 10 mL of n-hexane.
Gas chromatography (GC) was performed with an Agilent 5890 Series II instrument equipped with a flame ionization detector and a splitless injector. A DB-5 column of 30 Â 0.25 mm i.d. Â 0.25 mm coated with He as carrier gas (33 cm s -1 ). The oven temperature was programmed from 60 to 3008C at 68C min -1 . Injector and detector temperatures were 270 and 3108C, respectively. Previous qualitative analyses were performed by GC-MS with a CE HRGC 8000 Top coupled to a MD800 quadrupol (Fisons, Thermo). The oven temperature was programmed from 60 to 3008C at 48C min -1 .
Injector T was 2708C (3008C). MS conditions were:
Transfer line 2608C and ion source 2008C. Ionisation mode: electron impact at 70eV. Mass spectra were acquired by scanning the mass range 50-550. Fatty acid methyl esters were identified by retention time in comparison with standard fatty acids (Supelco). Quantification of fatty acids was performed through peak area integration in the GC traces using an external standard containing different methyl esters. Samples and standards were repeatedly injected until <5% dispersion was observed in the integrated areas.
R E S U L T S Hydrographic conditions
The general coverage obtained during the survey showed the presence of the shelf-slope front, defined by differences of salinity, with values higher than 38 for the open sea (Fig. 1) . The presence of low salinity waters (36.6-37.0) at surface was evident along a narrow band in the inner part of the front. These waters came from the Rhône river runoff that discharges into the Gulf of Lions and were carried by the geostrophic current associated with the shelf-slope front (Sabatés et al., 2004) . Over the shelf the salinity was quite homogeneous over the whole area and ranged between 37.2 and 37.4. Table I gives information on the concentration of the most abundant pigments in the mixed layer and the corresponding contribution of the main phytoplankton groups found during the cruise. All stations (and depths within the same station) analysed showed a similar phytoplankton composition as determined by pigment distribution, with Prymnesiophyceae being dominant (their biomass accounted for 51-65% of the total autotrophic chlorophyll biomass, Table II ). Microscope observations confirmed that coccolithophorids (probably Emiliania huxleyi ) were very abundant in these samples (Latasa et al., in press ). Significant differences (Bonferroni test, P < 0.05) in the relative contribution of the different phytoplankton groups according to their geographical locations were found only for Prymnesiophyceae, with the highest contributions in the northern shelf, and for Pelagophyceae, with a lower contribution in front than in the northern shelf. Although diatoms and dinoflagellates were less abundant than the dominant Prymnesiophyceae, they constituted most of the large phytoplankton (>5 mm) fraction (especially diatoms, Latasa et al., in press) .
Phytoplankton
No differences were found in the fatty acid composition and concentration of particulate matter fraction between the two depths sampled, within the same station. Fatty acids were rich in short chain saturates (saturated fatty acids; ca 60%) (Table III) . Mono unsaturated fatty acids (MUFA) accounted for the 20-23% and poly unsaturated Northern shelf 17.6 ± 12.2 6.4 ± 2.6 3.7 ± 4.8 42.8 ± 14.1 3.7 ± 4.8 6.7 ± 2.1 13.7 ± 6.2 124.4 ± 44
55
(n = 4) Front 13.1 ± 2.1 5.5 ± 1.8 3.1 ± 1.2 28.0 ± 6.5 3.1 ± 1.2 7.5 ± 1.6 7.9 ± 2.3 106.0 ± 18 60 (n = 4) Front 12.8 ± 2.1 6.6 ± 3.3 3.7 ± 1.2 26.3 ± 8.6 3.7 ± 1.2 4.6 ± 1.6 5.8 ± 1. JOURNAL OF PLANKTON RESEARCH j VOLUME 28 j NUMBER 6 j PAGES 551-562 j 2006 fatty acids (PUFA) accounted for the 17-20% in the three sampled areas (Table III) . In addition, a similar pattern in the distribution of fatty acids 14:0, 16:1(n-7), 18:1(n-9), 18:2(n-6), 18:4(n-3), 20:5(n-3) and 22:6(n-3) were observed in the three areas (Table III) . The PUFA were present mainly as 18:2(n-6), 20:5(n-3) and 22:6(n-3). Higher values of 22:6(n-3) in the northern shelf area slightly increased the proportion of PUFA in relation to the other two areas (Table III ). The C16:1(n-7)/C16:0 ratio is considered useful to follow diatom blooms (Pedersen et al., 1999; Reuss and Poulsen, 2002) . Pedersen et al. (Pedersen et al., 1999) observed an increase from 0.3 to 3 for mesozooplankton related with a significant increase in the diatom concentrations [the 16:1(n-7) is a lipid biomarker of these algae]. On the other hand, Reuss and Poulsen (Reuss and Poulsen, 2002) found a decrease of this ratio in a post-bloom situation, where the heterotrophic and autotrophic flagellates were dominant. In the present study, C16:1(n-7)/C16:0 ratio was low in the three sampled areas (Table III) .
Zooplankton (53-100 m)
Zooplankton was dominated by early developmental stages of copepods, mainly nauplii and copepodites (Sabatés et al., in press ). Saturated fatty acids were less concentrated ($40-42%, Table IV ) compared with that of the phytoplankton. Mono unsaturated fatty acids accounted for the 25-31% and poly unsaturated fatty acids for the 27-34% (Table IV) in the three sampled areas. The three areas showed a similar concentration of fatty acids 14:0, 16:1(n-7), 18:1(n-9), 18:4(n-3), 20:5(n-3) and 22:6(n-3), and the 18:2(n-6) was triple in the central shelf compared to the northern shelf and the frontal areas (Table IV) . The 20:5(n-3) showed an increasing trend from the northern shelf to the central shelf (Table IV) . The PUFA were present mainly as 20:5(n-3) and 22:6(n-3). The 16:1(n-7) concentration was double with respect to that of the phytoplankton and a similar result was found for the 20:5(n-3) and the 22:6(n-3) fatty acids. The C16:1(n-7)/C16:0 ratio was two to three times higher than the phytoplankton in the three sampled areas (Table IV) .
Anchovy larvae
Larval fish size differed between areas. Mean lengths were 7.7 ± 2.3 SD mm (n = 6; range 5.7-11.2mm) in northern shelf, 13.6 ± 3.8 SD mm (n = 13; range 7.9-20.2) in front, and 10.2 ± 1SD mm (n = 12; range 8.8-12.5) in central shelf. Dry mass (mg) and size (mm) showed a significant exponential relationship [(Dry mass = 0.02 Â EXP (0.3 Size)]; r 2 = 0.95; n = 31, P < 0.0001) (Fig. 2) . Proportions of 16:1(n-7), 20:5(n-3) and 22:6(n-3) were higher in front and central shelf than in northern shelf (Table V) . Opposite to this pattern, the proportion of 18:1(n-9) and 18:4(n-3) was almost double in the northern shelf compared with front and central shelf. Engraulis encrasicolus larvae showed differences in the mono unsaturated fatty acid and polyunsaturated fatty acid proportion among areas, being more abundant the former in the northern shelf, and less abundant the latest in this area compared with the other two areas (Table V) . The C16:1(n-7)/C16:0 ratio was even lower than that found in the phytoplankton in the three sampled areas and between three to six times lower respect to that of the zooplankton (Table V) .
Poly unsaturated fatty acids 20:5(n-3) and 22:6(n-3) showed a logarithmic curve fit with dry mass (Fig. 3) . (51) 10 (7) 8 (5) 21 (14) 150
Values represent averages of discrete samples obtained from the shallow layer above the deep chlorophyll maximum (sampling depths were 4, 8, 20, 30 and 40 m, depending on the chlorophyll maximum). Next to the mean value is represented the % contribution to the total biomass of each algae group.
In both cases, the relationship was significant (P < 0.01) and explained more than 85% of the variance.
D I S C U S S I O N Phytoplankton, zooplankton and E. encrasicolus trophic relationships
Studies on the fatty acid composition of different plankton components in the Mediterranean Sea are very scarce (Claustre et al., 1998; Mayzaud et al., 1999) . This work may in part contribute to better understand trophic linkages among different plankton groups in a considered oligotrophic sea through these biomarkers. Information from biomarkers should be interpreted with caution, especially when trying to gain quantitative estimates. The interpretation of our results has been made with this premise in mind. For pigments, for instance, it is recognized that the contribution of the different markers is not equal in phytoplankton groups, and therefore the Values in parentheses indicate standard deviation; n, the number of filters analysed per area; nd is not detected; tr is trace. See Fig. 1 and methods for the sampled stations.
JOURNAL OF PLANKTON RESEARCH j VOLUME 28 j NUMBER 6 j PAGES 551-562 j 2006 assessment and use of different ratios is warranted (Tables I  and II ). In the case of fatty acids, the conservative transfer of the biomarker between trophic levels might be complex and has seldom been documented (e.g. St. John and Lund, 1996; Kirsch et al., 1998) . However, Dalsgaard and St. John (Dalsgaard and St. John, 2004) , using 13 Clabelled fatty acids, demonstrated that fatty acid tracers could be used to identify key trophic interactions in marine food webs when trophic steps are clearly depicted and samples are taken within a short elapsed time.
The expected spatial heterogeneity among the three studied areas was not found in the pigment proportions and fatty acid composition of phytoplankton, except for the slightly higher concentration of Prymnesiophyceae in the northern than in the shelf areas (Tables I-III) . The similar distribution and abundance of 14:0, 18:1(n-9) and 18:4(n-3) fatty acids among the different studied areas are related with the predominance of Prymnesiophyceae (see the component analysis of Daalsgard et al., 2003) , which coincides with the dominance of the Prymnesiophyceae pigment marker 19 hexanoyloxyfucoxanthin.
In fact, pigment information showed that Prymnesiophyceae constituted about half of the phytoplankton [chlorophyll biomass in all stations (Table II) ]. In spite of this prevalence, the proportion of 18:4(n-3), a fatty acid associated with Prymnesiophyceae (Daalsgard et al., 2003) , was lower than the 16:1(n-7), generally related with diatoms (Chuecas and Riley, 1969; Volkman et al., 1989) , a group with considerably lower biomass in the present study (Table III) . This discrepancy might be due, in part, to the higher content of total lipids, and fatty acids in particular, in diatoms and dinoflagellates than in Prymnesiophyceae (Claustre et al., 1990) . Also, a population of senescent diatoms Chaetoceros spp. with little contribution to the pigment fraction was detected in the northern part (Latasa et al., 2005) . In this sense, Kuwata (Kuwata et al., 1993) showed that both resting spores and resting cells of Chaetoceros pseudocurvisetus, usually occurring in senescent populations, accumulated neutral lipids as stored energy source. In a more general context the low values of the C16:1 (n-7)/C16:0 ratio indicate a low diatom presence (Pedersen et al., 1999) . Finally the presence of C18 saturated and unsaturated fatty acids in the particulate matter collected by the glass fibre filters (nominal pore of 0.7 um) might reflect a significant contribution of detritus in the phytoplankton fraction (Chuecas and Riley, 1966; Graeve et al., 2002) . We do not refer to zooplankton fatty acids in this fraction because we assume that our phytoplankton fraction is indeed dominated by phytoplankton plus detritus. Although protozooplankton biomass can be relevant in this size fraction in open waters, it seems to have a small contribution, ca. 10% of phytoplankton biomass, in coastal waters (Gasol et al., 1997) .
Similar to phytoplankton, fatty acid composition of zooplankton showed a homogeneous composition among areas. In terms of fatty acids, zooplankton samples were rich in 16:1(n-7) and 22:6(n-3), markers more related with diatoms and dinoflagellates (Daalsgard et al., 2003) . Such selective accumulation has been described in different food chains where crustaceans were key-steps (e.g. Klungsøyr et al., 1989; Graeve et al., 1994) . This result could have been expected since diatoms and dinoflagellates were important contributors in the large (>5 mm) phytoplankton fraction (Latasa et al., 2005) , and copepods demonstrate a higher capture efficiency on phytoplankton larger than 5 mm (Fortier et al., 1994) . In addition to feeding preferentially on diatoms and dinoflagellates, the much larger importance of 22:6(n-3) marker of dinoflagellates in the zooplankton fraction suggests that copepods should have a strong capacity to retain some MUFA and PUFA (Broglio et al., 2003) . The accumulate MUFA and PUFA in the zooplankton (Table IV) suggests a 'storage' strategy in these organisms (Pond et al., 2000; Hagen et al., 2001 ). The 18:1(n-9) marker of Prymnesiophyceae was present, but not dominant in the zooplankton. These results coincide with the fatty composition trends found in the post diatom bloom situation (also dominated by Prymnesiophyceae) reported by Klungsøyr (Klungsøyr et al., 1989) .
Compared with phytoplankton and zooplankton, E. encrasicolus larvae showed a different fatty acid concentration pattern among areas. This observation seems to be related with the different size of the larvae in the sampled areas. Thus, anchovy larvae in northern shelf were the smallest in size and enriched in 18:1(n-9) and 18:4(n-3). These results suggest that in Prymnesiophyceae fatty acids were transferred to anchovy larvae. Similar observations were reported by Klungsøyr et al. (Klungsøyr et al., 1989) in northern Norway where the smallest cod larvae gave the highest 18:1(n-9) content. However, Prymnesiophyceae were very small, with 68% of their biomass in <5 mm algae (Latasa et al., 2005) , which made these algae probably unavailable to anchovy larvae, and would enormously decrease the trophic transfer efficiency. One possible hypothesis is the presence of an intermediate trophic step undetectable with standard larval gut content studies. Some authors have suggested that an important part of the fish larvae diet comes directly from naked and non-naked protozoans (Jenkins, 1987; Govoni and Chester, 1990; Fukami et al., 1999) . Indeed, fish larvae are capable of feeding directly on ciliates (Nagano et al., 2000) . Zhang et al. (Zhang et al, 2002) found that the spatial distribution of anchovy larvae was better correlated with ciliate abundance than with copepod eggs and nauplii in a study conducted in the Yellow Sea. The transfer of bacterial fatty acids through ciliates to copepods has been verified in controlled laboratory experiments (Ederington et al., 1995) , and it has been suggested that the fatty acid composition of the ciliates more or less resemble that of their food (i.e. bacteria, flagellates and algae), transferring fatty acids without further conversion (Broglio et al., 2003; Klein Breteler et al., 2004) . Although Mediterranean anchovy larvae have been reported to feed mainly on copepod nauplii (Conway et al., 1998; Tudela et al., 2002) , these studies were based on gut contents analysis, where nauplii carapaces are reasonably revealed, but naked protozoans, such ciliates, cannot be detected. On the basis of our fatty acid results, we suggest that protozoans could be an intermediate step between the Prymnesiophyceae and small fish larvae in the northwestern Mediterranean. Thus, the small larvae would feed on ciliates or flagellates that in turn would feed on the main phytoplankton groups (i.e. Prymnesiophyceae). Furthermore, Prymnesiophyceae Chlorophyll biomass was significantly higher in the northern shelf than in the other two areas (Table I and II and results), and smaller anchovy larvae could Values in parentheses indicate standard deviation; n, the number of larvae analysed per area; nd is not detected; tr is trace. See Fig. 1 and methods for the sampled stations.
feed on ciliates that directly feed on this algal group. This could explain the high 18:1(n-9) and 18:4(n-3) proportions in the small larvae. Alternatively, the largest larvae [with a lower 18:1(n-9) 18:4(n-3) proportion] may feed mostly on early copepod stages. In the shelf and frontal areas anchovy larvae did not show the high amount of the abovementioned fatty acids. It has been showed that the capability to catch prey by fish larvae depends, among other things, on the mouth morphometry (Sabatés and Saiz, 2000) . In the present study, it seems that larger anchovy larvae fatty acids are more related with the nauplii and copepodite proportions (zooplankton) than the small ones. Thus, it can be suggested that larger larvae are not capable to prey on ciliates with an equal efficiency as the small ones do.
PUFA proportion in different developmental stages of anchovy larvae
It has been demonstrated that the accumulation of PUFA depends on the diet available to the larval population studied (Estévez et al., 1999) . However, the results of the present study suggest that the fatty acid composition found in the phytoplankton fraction was not transferred in similar proportions to higher trophic levels. Instead, there was a trend towards the accumulation of PUFA from low (phytoplankton plus detritus) to high trophic levels (anchovy larvae), a general tendency already discussed by Ackman (Ackman, 2004) . In addition, there is a preferential accumulation of these fatty acids in the early stages of the anchovy development (Fig. 3) . Sabatés et al. (Sabatés et al., 2003) demonstrated the accumulation of lipids in larvae of different fish species related with the dry mass of the individuals. The most likely reason for this rapid enrichment might be the critical role of lipids in general, and PUFA, particularly in energy storage and cell-tissue development of larvae. PUFA are the predominant fatty acids (together with 16:0) in marine phospholipids, which are structural components of all membranes. Furthermore, they have a tendency to accumulate in brain, nervous system and retina of fish (Tocher and Harvie, 1988; Tocher, 1993) . Therefore, they may influence larval brain development and schooling behaviour (Ishizaki et al., 2001) . Indeed, Navarro and Sargent (Navarro and Sargent, 1992) reported behavioural differences in herring larvae related to 20:5(n-3) and 22:6(n-3) concentrations. Furthermore, Kanazawa (Kanazawa, 1997) suggested that stress tolerance in fishes was also related with the docosahexaenoic acid [22:6(n-3)] dietary levels. Our findings suggest that the exponential accumulation of these two fatty acids in the anchovy larvae may influence larval development and fitness. The importance of larval nutrition, and especially lipid composition, has been overlooked in the debate on fish recruitment (Bell and Sargent, 1996) . Most of the studies on lipid biomarkers have been conducted in controlled laboratory conditions (e.g. Fraser et al., 1987; Davis and Olla, 1992; Navarro et al., 1993) , and few studies target larval-fish condition in relation to environmental constraints (Falk-Petersen et al., 1989; Klungsøyr et al., 1989; St. John and Lund, 1996; Pedersen et al., 1999) . The comparison of the fatty acid composition at different trophic levels provides information of the trophic interactions, although is not straightforward and should be examined with caution. The results of the present study suggest that a complementary trophic step involving also ciliates may exist for small fish larvae. Furthermore, and in agreement with laboratory-controlled studies, the anchovy larvae tended to preferentially accumulate certain PUFA related with cell membrane, neural and pigmentary tissues development. Consequently, our comprehension of fatty acids transfer and accumulation throughout the planktonic trophic chain in natural conditions should help to understand the growth and survival of fish populations.
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